The disposal, recycling, and part salvaging of discarded electronic devices such as computers, printers, televisions, and toys are now creating a new set of waste problems. This study is aimed at identifying the sources and quantifying the pollution levels generated from electronic waste (e-waste) activities at Guiyu, Guangdong Province, China, and their potential impacts on the environment and human health. The preliminary results indicate that total polycyclic aromatic hydrocarbons (PAHs) in soil obtained from a printer roller dump site was 593 µg/kg dry weight (dry wt.) and in sediment from a duck pond, the PAH concentration was 514 µg/kg (dry wt.). Sediment from the Lianjiang River was found to be contaminated by polychlorinated biphenyls (743 µg/kg) at a level approaching three times the Canadian Environmental Quality Guidelines probable effect level of 277 µg/kg. Total monoto hepta-brominated diphenyl ether homologue concentrations (1140 and 1169 µg/kg dry wt.) in soils near dumping sites were approximately 10-60 times those reported for other polybrominated diphenyl ether-contaminated locations in the world. In-house study on the open burning of cable wires showed extremely high levels of polychlorinated dibenzo-p-dioxins and dibenzofurans resulting in 12 419 ng toxic equivalents (TEQ)/kg of waste input and 15 610 ng TEQ/kg for two separate tests, respectively, which were about three orders of magnitude higher than those for the open burning of household waste. High levels of Cu (712, 528, and 496 mg/kg), exceeding the new Dutch list action value, were determined for soil near the printer roller dumping area, sediment from Lianjiang River, and soil from a plastic burn site, respectively. A more thorough study is underway to elucidate the extent of contamination of toxic pollutants in different ecological compartments to establish whether these pollutants are bioaccumulated and biomagnified through food chains. Assessments of human health impacts from oral intake, inhalation, and dermal contact will be subsequently investigated.
Introduction
Problems of electronic-waste recycling Activities concerning electronic waste (e-waste) are emerging as a global concern as they can contribute to the release of persistent toxic substances (PTSs) into our environment and thus into the food web. E-waste includes end-of-life electronic products such as computers, printers, photocopy machines, television sets, mobile phones, and toys that are made up of sophisticated blends of plastics, metals, and other materials. With today's technologically advancing societies and the demand for newer, more efficient, and effective technology, older and outdated electronic items are becoming obsolete and are being discarded in significant amounts in various parts of the world. In the United States, it was estimated that over 315 million computers would become obsolete between 1997 and 2004 and that an additional 185 million computers will become obsolete between 2004 and 2007. 1 To deal with the generation of e-waste, effective management practices must be implemented throughout the entire life-cycle of the productfrom the design stage (cradle) to the end-of-life stage (grave) -adopting solutions that are environmentally friendly, including practicing reuse or recycling. Currently, the problem existing with unwanted electronic items is that the e-waste generated from richer developed countries is being exported to poorer developing/undeveloped coun-tries for recycling; one of the reasons being that the labor cost for recycling in these countries is minimal compared to recycling or disposing of the e-waste domestically. It has been reported that 50%-80% of the e-waste collected for recycling in industrialized countries, such as the US, ends up in recycling centers in Asia. 3 However, the recycling industries in these countries, which include China, India, Pakistan, Vietnam, and the Philippines, are often crude and do not have the appropriate facilities to safeguard environmental and human health. The stripping of metals in openpit acid baths, the removal of electronic components from printed circuit boards by heating over a grill, chipping and melting plastics without proper ventilation, and recovering metals by burning cables and parts are common practices. Unsalvageable materials are disposed of either by dumping in fields and rivers or by open burning.
Guiyu: a case study for e-waste processing centers Guiyu is made up of several villages located in the Chaozhou region of Guangdong Province, 250 km northeast of Hong Kong. Since 1995, the traditionally rice-growing community has become an e-waste recycling center for e-waste arriving from the United States, Hong Kong, and from other countries. In Guiyu, recycling operations consist of toner sweeping, dismantling electronic equipment, selling computer monitor yokes to copper recovery operations, plastic chipping and melting, burning wires to recover copper, heating circuit boards over honeycombed coal blocks, and using acid chemical strippers to recover gold and other metals. 3 Not all activities are related to recovery; some include open burning of unwanted e-waste and their open dumping. Operations for the recovery of copper wires through the burning of polyvinyl chloride and flame retardant-protected cables (i.e., polybrominated diphenyl ethers, PBDEs) can release toxic polychlorinated dibenzo-p-dioxins and polybrominated dibenzo-p-dioxins (PCDDs/PBDDs) and furans (PCDFs/PBDFs), and the open burning of computer casings and circuit boards stripped of metal parts can produce toxic fumes and ashes containing polycyclic aromatic hydrocarbons (PAHs). Polychlorinated biphenyls (PCBs), which have been widely used as plasticizers, as coolants and lubricants in transformers and capacitors, and as hydraulic and heat exchange fluids, may also be present in the e-waste stream. E-waste activities are undertaken by men, women, and children with little or no consideration to protection of health and the environment. Although those working in this industry may be aware of the threats to their health resulting from these crude practices, they may often ignore these dangers for the benefit of earning an income. 4 These e-waste activities cause severe damage to the environment and expose the workers and local residents to toxic chemicals through inhalation, dermal exposure, and oral intake (of contaminated food). Once taken into the body, toxic organic chemicals are stored in fatty tissues, bioaccumulate, and increase the body burden of persistent toxic substances.
Studies have indicated that the environment in south China has been grossly polluted by heavy metals as well as by persistent toxic substances such as organochlorine pesticides, PCBs, and mercury. [5] [6] [7] [8] [9] The uptake of contaminants appeared to relate to the feeding modes of fish, with carnivorous fish species taking up the highest concentrations of organic contaminants. [6] [7] [8] In a recent study, organochlorines were found in human milk of both Guangzhou and Hong Kong residents, and concentrations of dichlorodiphenyltrichloroethanes (DDTs) and PCBs in the milk samples were significantly correlated to the frequency of fish consumption of the donors. 10 With the above background in mind, the major objective of this paper is to investigate the sources, fates, and environmental and health effects of toxic pollutants as a result of e-waste recycling in China, citing examples from Guiyu, located in southeast Guangdong Province, China.
Materials and methods

Sampling sites
A preliminary survey of contaminant levels in Guiyu, located in Guangdong Province, China, was conducted in August 2003. Sediment samples were collected from two duck ponds and at three different places along the Lianjiang River, namely at a residential area, near open fields, and in Heping town, located about 16 km downstream from Guiyu. The source of the river is located near Guiyu and flows eastward into the Haimen Gulf to the South China Sea. Soil was collected from a burnt plastic dump site and from a printer roller dump site. A reservoir located in the northern part of Guiyu, approximately 6 km from the central e-waste processing region where impacts from e-waste were expected to be smaller, served as a control site. Both soil and sediment were collected from this site. A description of the sampling sites is shown in Table 1 .The location of the sampling sites in addition to e-waste activity sites (such as open burning and the heating of printed circuit boards) are shown in Fig. 1 .
Sample collection and preparation
Samples were collected from each study site at a depth of 0-10 cm using a stainless steel shovel. All samples were stored in clean polyethylene bags (Ziploc) to minimize sample contamination and were kept in ice-filled coolers at approximately 4°C for transport to the laboratory, where they were transferred and wrapped in aluminum foil and stored at −20°C. Soil and sediment samples were freeze dried; sieved (<1 mm) to remove stones, roots, and coarse materials; and then stored in a desiccator prior to analysis.
Sample analyses
The soil and sediment samples were analyzed for PAHs, PCBs, PBDEs, and heavy metals.
